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(54) Process for producing micro lens 

(57) Converged laser beam are irradiated, at right 
angles, to the surface (50a) of a workpiece (50) which 
is made of glass and supported in a horizontal posture, 
so that the surface of the workpiece is locally heated 
and melted. The surface of the workpiece is formed into 



a convexly curved surface (51a) under the effect of sur- 
face tension occurrable to the glass material at the time 
the surface of the workpiece is melted. By hardening the 
workpiece, a micro lens (51 ) having the convexly curved 
surface is formed. 



Fi g . 3 




(VjonnoftAi i -v 



Printed by Jouve (FR). 18. rue Saint-Denis, 75001 PARIS 



EP 0 690 028 A1 



Description 

BACKGROUND OF THE INVENTION 

This invention relates to a prbcess tor producing mi- 
cro lens. 

A micro lens : in general, refers to a lens having a 
small diameter (for example, about 1 mm or less, though 
not very strict). Such a micro lens is conventionally pro- 
duced by several methods as set forth below. 

In the first method, an ultraviolet ray is irradiated to 
a fiat plate of a photosensitive glass material-through a 
matrix member obtained by arranging a plurality of cir- 
cular shielding portions in a matrix pattern. That portion 
of the flat plate, to which the ultraviolet ray is irradiated, 
is crystallized and contracted in volume in the next fol- 
lowing heating process. As a consequence, the remain- 
ing portion of the flat plate, to which the ultraviolet ray is 
not irradiated, is expanded under the effect of a com- 
pressive force and allowed to project from a surface of 
the glass plate to thereby form a convexly curved sur- 
face. Each portion having the convexly curved surface 
becomes the micro lens. In this way, a plurality of micro 
lenses are formed on the glass plate in a two-dimension- 
al matrix pattern to provide a micro lens array. 

The first method has such a drawbackthat only spe- 
cial glass material having photosensitive properties can 
be used. Further, since a heating process for crystallizing 
the material is required after the irradiation of the ultra- 
violet ray, the manufacturing cost is high. 

In the second method, a mask having a number of 
circular opening portions formed in a matrix pattern is 
coated on a f (at plate made of a glass material. The glass 
plate is then dipped into a solution containing ions for 
providing a high refractive index. As a result, ion ex- 
change is taken place only at the surface of the glass 
plate corresponding to the opening portions of the mask 
and the refractive index is locally distributed. Each por- 
tion of the glass plate having such a distribution of re- 
fractive index becomes a micro lens. In this way, a 
number of such micro lenses are formed on the glass 
plate in a matrix pattern to provide a micro lens array. 

The second method has such drawbacks that the 
ion exchange process is troublesome because the proc- 
ess is executed at a high temperature for a long time and 
the manufacturing cost is high. 

The third method is disclosed in a thesis under the 
heading of "processing of G lass Micro Lens Array by Co 2 
Laser" issued February, 1 987 by "The Review of Laser 
Engineering". According to this method, a soda glass 
plate having a comparatively low glass transition point is 
heated at 300°C. Parallel laser beam are converged by 
a lens and irradiated to the surface of the heated glass 
plate. By doing this, the refractive index is locally varied 
to form a micro lens. It should be noted here that the sur- 
face of the glass plate is flat as in the case with the sec- 
ond method and only the refractive index is locally varied. 

The third method has such drawbacks that the man- 
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ufacturing cost is high because heating is required, and 
it is difficult to symmetrically distribute the refractive in- 
dex. Moreover, since the gradient of the refractive index 
spreads over a comparative wide range, it is impossible 
to form a number of micro lenses at narrow spaces. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a process for producing micro lens with accuracy 
at low cost. 

According to the present invention, there is provided 
a process for producing micro lens comprising: 

locally heating and melting a workpiece (50) made 
of a glass material, by irradiating energy beam to a sur- 
face (50a) of the workpiece; 

forming the surface of the workpiece into a convex- 
ly curved surface (51 a) under the effect of surface ten- 
sion occurrable to the glass material at the time the work 
piece is melted; and 

hardening the workpiece to thereby form a micro 
lens (51 ) having the convexly curved surface., 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an apparatus for pro- 
ducing a micro lens array according to the present 
invention; 

Fig. 2 is a plan view of a micro lens array thus made; 

Fig. 3 is an enlarged sectional view of each micro 
lens in the micro lens array; 

Fig. 4 is a schematic view showing a performance 
test of the micro lens; and 

Fig. 5 is a chart showing the distribution of density 
of light gathered to a spot by the micro lens. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

One embodiment of the present invention will now 
be described with reference to the accompanying draw- 
ings. 

An apparatus shown in Fig. 1 is designed for pro- 
ducing a micro lens array including a number of micro 
lenses. This apparatus comprises a support means 10 
for supporting a glass plate 50 in its horizontal posture. 
The support means 1 0 includes a base 1 1 , a Y-stage 1 2, 
and an X stage 13. The Y-stage 12 is horizontally mov- 
able in a direction perpendicular to the surface of the pa- 
per along a pair of rails 1 1 a formed on an upper surface 
of the base 11. The X-stage 13 is horizontally movable 
in the rightward and leftward direction (i.e., in the per- 
pendicular direction to the direction of movement of the 
Y-stage 12) in the Figure along a pair of rails 11 formed 
on an upper surface of the Y-stage 12. Those stages 12 
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and 1 3 are moved, for example, by small-sized accurate- 
ly-designed motors 14, 15, screw mechanisms, etc., not 
shown, respectively. A moving mechanism 16 for moving 
the glass plate 50 is constituted of the stages 12,13 and 
the motors 14, 15. The motors 14 and 15 are intermit- 
tently driven by a control unit 30. 

Right above the support means 1 0, there are a cop- 
per mirror 21 , an aluminum shutter 22, an aluminum di- 
aphragm 23, and a convex lens 24 (beam converging 
means) made of ZnSe which are arranged in this order 
from top along a vertical optical axis. The mirror 21 is 
inclined by 45 degrees. A C0 2 laser producer 25 (energy 
beam producing means) for producing a laser having a 
wavelength of 1 0.6 u/n is disposed at the side of the mir- 
ror 21 . The shutter 22 and laser producer 25 are control- 
led by the control unit 30. The diaphragm 23 is of a 
plate-like configuration and has an opening 23a of a true 
circle formed in the center of the diaphragm 23. 

A process for producing micro lens array using the 
above apparatus will now be described. Firstly, the glass 
plate 50 is detachably set to the center of an upper sur- 
face of the X-stage 13 using a fixing tool, not shown. 
No-alkali glass (merchandise name: CORNING 7059), 
boro-silicated glass (merchandise name: PYREX), and 
the like, all of which are glass materials having heat re- 
sisting properties, low expansion properties and high vis- 
cous properties, are used as the material of the glass 
plate 50. As shown in Fig. 2, the glass plate 50 is of a 
regular square shape in plan view and has a predeter- 
mined thickness over the entire area thereof. With the 
glass plate 50 set to the upper surface of the X-stage 1 3, 
an upper surface 50a (surface) of the glass plate 50 is 
horizontal, and perpendicular to the optical axis C. 

After the glass plate 50 is set, the motors 14 and 15 
are driven by the control unit 30 in order to bring the op- 
tical axis C into alignment with a point A (Fig. 2) at one 
comer of the glass plate 50. On the other hand, parallel 
laser beam L (energy beam) are horizontally output from 
the laser producer 25 in response to an operation com- 
mand signal from the control unit 30. The laser beam L 
proceed toward the mirror 21 and is then reflected by the 
mirror 21 . The reflected laser beam L are allowed to pass 
through the shutter 22 during a period of time the shutter 
22 is open for a predetermined time interval under the 
control of the control unit 30. After passing through the 
shutter 22, the laser beam L proceed downwardly along 
the optical axis C, passes through the diaphragm 23 and 
is then converged by the convex lens 24 so as to be sup- 
plied to the upper surface 50a of the glass plate 50. Here, 
the focal position of the converged laser beam L' (con- 
verged energy beam) is slightly shifted either upwardly 
or downwardly from this upper surface 50a. By doing 
this, the diameter of the spot on the upper surface 50a 
is established to 250 u.m, for example. It should be noted, 
however, that the focal position may be coincident with 
the upper surface 50a. 

Energy level of the converged laser beam L' is high 
enough to locally melt the glass plate 50. Attention 



should be paid to this feature. 

That portion of the upper surface 50a of the glass 
plate 50, which is subjected to the converged laser beam 
L\ is melted. As shown in Fig. 3, the melted glass mate- 

5 rial is convexly raised under the effect of surface tension. 
An annular groove 52 is formed in the upper surface 50a 
around the convexly raised portion 51 . This convexly 
raised portion 51 is generally of a semi-spherical config- 
uration and has the convexly curved surface 51a. The 

10 convexly raised portion 51 is naturally cooled and hard- 
ened to form a micro lens. It should be noted that the 
. melted glass material is readily convexly raised under 
the effect of surface tension because a material having 
a comparatively high viscosity is used as the glass ma- 

15 terial. Also, since a material having a low thermal expan- 
sion is used, cracking, which would otherwise be oc- 
curred due to thermal stress when the convexly raised 
portion 51 is hardened, can be prevented from occurring. 
In the manner as mentioned above, the micro lens 

20 51 is formed at the point A of the upper left corner in Fig. 
2. Thereafter, the glass plate 50 is intermittently moved 
on a horizontal plane by the moving mechanism 16 and 
the converged laser beam are irradiated to the glass 
plate 50 each time the glass plate 50 is stopped. By doing 

25 this, micro lenses 51 are formed on the glass plate 50 
one after another. More specifically, the parallel laser 
beam L are continuously irradiated until the micro lenses 
51 are formed on the overall area of the glass plate 50. 
After the completion of formation of the micro lens 51 at 

30 the point A, the X-stage 1 3 is moved leftwardly, in Fig. 2, 
by a predetermined amount. Thereafter, the shutter C is 
opened for the predetermined time to allow the con- 
verged laser beam L' to be irradiated to the upper surface 
50a of the glass plate 50 in the same manner as men- 

ss tioned above, so that another micro lens 51 is newly 
formed on the right of the point A. Further, the X-stage 
1 3 is intermittently moved and the converged laser beam 
L' are supplied each time the X-stage 1 3 is stopped. By 
doing this, one row of micro lenses 51 are formed on the 

40 glass plate 50. 

After the micro lens 51 is formed on the upper right 
corner. of the glass plate 50, the Y-stage 12 is moved 
downwardly, in Fig. 2, by the predetermined amount and 
another micro lens 51 is formed on the down side, in Fig. 

45 2, of the upper right corner. Thereafter, the X-stage 1 3 is 
moved rightwardly to form new micro lenses 51 one after 
another on the second row. After the last micro lens 51 
of the last row is formed on the lower right comer in Fig. 
2, the glass plate 50 is detached from the X-stage 1 3. 

50 According to the method mentioned above, since 
micro lenses 51 are formed by irradiating laser beam and 
without heating the glass plate 50, production thereof is 
comparatively easy. Moreover, since heating, removing 
of the coating on the mask, etc., which would otherwise 

ss be performed later, is no more required, the production 
cost can be reduced extensively. In addition, by utilizing 
the surface tension of the melted glass material, there 
can be obtained micro lenses 51, which are excellent in 
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symmetry. 

The glass plate 50 having a number of micro lenses 
5 1 arranged in a two-dimensional matrix pattern as men- - 
tioned above can be used a lens array. Also, the individ- 
ual micro lenses 51 can be cut out and used separately, s 

A performance test of the micro lenses 51 thus pro- 
duced was carried out by a test system shown in Fig. 4. 
Specifically, parallel beam having a wavelength of 633 
nm were irradiated to a surface of the lens array 50 from 
an He-Ne laser producer 100. This surface is opposite 10 
to the surface on which the micro lenses 51 are formed. 
The parallel beam were irradiated in a direction perpen- 
dicular to the first-mentioned surface. The laser beam 
were converged by the micro lenses 51, respectively. A 
light converged spot at the focal point was enlarged by is 
a microscope 101 . Then, this enlarged image was taken 
by a CCD camera 102. Then, the image pick-up signal 
is sent to an intensity distribution measuring device 103. 
The intensity distribution was observed. The diameter of 
the spot was about 1 .8 um In this way, it could be con- 20 
firmed that micro lenses 51 of very high precision were 
obtained. It should be noted that since the He-Ne laser 
is hardly absorbed by a glass material, it can be used for 
the performance test of the micro lenses 51. 

In the system mentioned above, the diameter of the 25 
spot on the upper surface 50a of the converged laser 
beam L' can be adjusted by replacing the diaphragm 23 
with another diaphragm 23 having an opening 23a of a 
different size. Therefore, the diameter of each micro lens 
51 can be adjusted directly. A diaphragm 23 having an 30 
opening 23 of other shapes (e.g., elliptical shape) than 
a true circle may be used. In this case, since the shape 
of the spot of the laser beam L" on the surface 50a of the 
glass plate 50 is elliptical, etc. the shape of each micro 
lens 51 to be produced is also elliptical, etc. 35 

The present invention is not limited to the above em- 
bodiment and many changes can be made. Acceptable 
examples of the laser include, in addition to the C0 2 la- 
ser, a CO laser (wavelength of 5.5 jim), an Er-YAG laser 
(wavelength of 3 urn), an excimer laser (wavelength of 40 
308 nm), etc., which have a wavelength (350 nm or less, 
1 000 nm or more) particularly well absorbed by glass. If 
energy efficiency can be disregarded, a wider range of 
laser can of course be used. 

Also, a three-dimensional matrix micro array may be *s 
obtained by forming micro lenses on each surface of a 
cubic or rectangular parallelepiped glass material. 

In the case where the energy level of the laser beam 
is high, the parallel laser beam may be directly irradiated 
to the glass plate without being converged. so 

Also, in the case where the energy level of the laser 
beam is high, it may be designed such that a mask made 
of a laser reflecting material such as aluminum and hav- 
ing a number of openings arranged in a matrix pattern is 
attached or coated to the surface of the glass plate, and ss 
laser beam are irradiated to the generally overall area of 
the surface of the glass plate. In this case, micro lenses 
arranged in a matrix pattern are formed on the surface 



of the glass plate corresponding to the openings of the 
mask, and a micro lens array can be produced without 
a need of a provision of the moving mechanism. 

As the energy beam, electronic beam and plasma 
beam can be used. If electronic beam and plasma beam 
are used as the energy beam, the beam may be con- 
verged by a known beam converging means constituted 
of an electromagnetic coil, etc. so as to be supplied to 
the glass material. 

The energy beam may be irradiated in a direction 
inclined with respect to a line normal to the surface of the 
glass material. 

The shutter and the diaphragm may be disposed be- 
tween the reflecting plate and the laser producer. 



Claims 

1. A process for producing micro lens comprising: 

locally heating and melting a workpiece (50) 
made of a glass material, by irradiating energy beam 
to a surface (50a) of said workpiece; 

forming the surface of said workpiece into a 
convexly curved surface (51a) under the effect of 
surface tension occurrable to the glass material at 
the time the work piece is melted; and 

hardening said workpiece to thereby form a 
micro lens (51 ) having said convexly curved surface. 

2. A process for producing micro lenses according to 
claim 1, further comprising outputting parallel laser 
beam as said energy beam, and converging the par- 
allel laser beam by a lens (24) so that said con- 
verged parallel laser beam are supplied to the sur- 
face (50a) of said workpiece (50) to thereby locally 
heat said workpiece. 

3. A process for producing micro lenses according to 
claim 2, in which said workpiece (50) is supported 
such that the surface (50a) of said workpiece is hor- 
izontal, and said converged parallel laser beam are 
supplied to said workpiece in a direction perpendic- 
ular to the upper surface of said workpiece. 

4. A process for producing micro lenses according to 
claim 3, in which said workpiece (50) is intermittently 
moved in a horizontal direction and said converged 
laser beam are supplied to the surface (50a) of said 
workpiece each time said workpiece is stopped so 
that a plurality of micro lenses (51) are formed in a 
matrix pattern. 
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